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[ Abstract] Objective: To investigate the moisture adsorption and thermodynamic characteristics of raw
products, wine-processed products and fried charcoal products of Rhei Radix et Rhizoma, in order to guide their
drying and storage. Method: Static isotherm weighing method was used to determine the adsorption isotherm
curves of three Rhei Radix et Rhizoma decoction pieces at 25, 35, 45 °C, and the test data were fitted with 7
commonly used water adsorption models to determine the best model for studying the adsorption thermodynamic
parameters of these decoction pieces. Result: The best adsorption models of these three decoction pieces were

all GAB model. At 25, 35, 45 °C, the absolute safe moisture content of fried charcoal products was 7.43%,
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6.79% and 6.20%, of wine-processed products was 8.68%, 8.17% and 7.03%, of raw products was 9.88%,
9.36% and 7.77%, respectively. At 25, 35, 45 °C, the relative safe moisture content of fried charcoal products
was 9.46%, 8.63% and 8.21%, of wine-processed products was 11.49%, 11.03% and 9.74%, of raw products
was 13.49%, 12.66% and 11.14%, respectively. The net equivalent heat of adsorption (Q,) and differential
entropy (S,) of these three kinds of decoction pieces all decreased with the increase of equilibrium moisture
content, Q_ and S, were in accordance with the entropy-enthalpy complementary theory. The constant velocity
temperatures of raw products, wine-processed products and fried charcoal products of Rhei Radix et Rhizoma
were 386.66, 391.15, 394.34 K (unit conversion of 1 K=-272.15 °C), their Gibbs free energies were 0.372 2,
0.406 0, 0.372 2 kJ-mol", respectively. Their adsorption processes were an unspontaneous process driven by
enthalpy. Conclusion: The orders of equilibrium moisture content, monomolecular layer moisture content, Q.
and S, of three Rhei Radix et Rhizoma decoction pieces are all raw products>wine-processed products>fried
charcoal products. The moisture absorption capacity of the decoction pieces is ranked as raw products>wine-
processed products>fried charcoal products. The frying and roasting process significantly affects the
hygroscopicity and thermodynamic properties of the three decoction pieces, the reason for this difference may be
that the high temperature of the stir-frying results in the decrease of the hygroscopic groups and the increase of
the hydrophobic materials in raw products, and the change in the texture of the decoction pieces. The research on
the water adsorption characteristics of three Rhei Radix et Rhizoma decoction pieces can provide reference for
selecting their storage conditions and drying process.

[Key words] decoction pieces; raw products of Rhei Radix et Rhizoma; wine-processed products of
Rhei Radix et Rhizoma; fried charcoal products of Rhei Radix et Rhizoma; adsorption isotherm curve;

thermodynamic properties; net equivalent heat of adsorption
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Table 1  Water activities of different saturated salt solutions

under different temperatures

ORI 25 °C 35°C 45 °C
CH,COOK 0.213 0.195 0.179
MgCl,* 6H,0 0.334 0.323 0.313
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NaCl 0.772 0.752 0.734
KClI 0.873 0.837 0.806
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Fig. 1  Adsorption isotherm curves of three Rhei Radix et

Rhizoma decoction pieces at different temperatures
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Fig. 2 Adsorption isotherm curves of three Rhei Radix et

Rhizoma decoction pieces at the same temperature
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Table 2 Evaluation indexes of fitting models of three Rhei Radix et Rhizoma decoction pieces
o 4 AR PN KB
g
25 °C 35°C 45 °C 25°C 35°C 45 °C 25°C 35°C 45 °C
GAB R? 0.994 1 0.998 3 0.996 2 0.997 0 0.999 4 0.996 4 0.998 2 0.998 3 0.997 1
RSS 1.8x10* 5.3x10° 9.4x107° 5.3x10° 1.9x10° 5.6x10° 1.8x10° 1.3x10° 2.2x10%
AIC  -71.4099 -82.586 7 -77.468 1 -82.604 7 -91.997 6 -82.1342 -92.3262 -95.347 8 -90.708 9
BET R? 0.993 6 0.995 4 0.998 5 0.9915 0.996 8 0.998 4 0.983 2 0.990 1 0.997 3
RSS 6.0x10* 3.4x10* 9.4x10°° 5.5x10* 1.8x10* 7.2x10° 6.8x10* 3.2x10+ 8.1x107
AIC  -40.501 6 -43.946 5 -51.6214 -41.057 9 -47.653 0 -53.244 0 -39.772 5 -44.3057 -52.5149
Henderson  R? 0.997 3 0.998 8 0.996 0 0.998 7 0.998 9 0.996 9 0.999 5 0.999 3 0.997 9
RSS 2.5x10* 8.5x107 2.5x10* 8.2x107 6.3x10° 1.4x10+ 2.0x10° 2.1x10° 6.2x107
AIC  -43.676 3 -50.250 5 -43.667 2 -50.486 1 -51.996 8 -47.176 8 -58.8852 -58.621 4 -52.1752
Smith R? 0.9959 0.998 3 0.990 6 0.998 7 0.998 3 0.994 7 0.999 4 0.999 7 0.998 3
RSS 3.8x10+ 1.3x10* 5.9x10+ 8.3x107 9.6x10 2.4x10* 2.5x10% 1.0x10°° 5.2x10%
AIC  -43.246 8 -49.803 3 -40.574 0 -52.3721 -51.5301 -46.109 4 -59.627 3 -65.3039 -55.1911
Oswin R? 0.997 3 0.998 7 0.998 5 0.998 3 0.999 5 0.998 8 0.9979 0.9993 0.999 3
RSS 2.5%10* 9.6x10° 9.6x107° 1.1x10* 2.8x10° 5.6x10° 8.4x107 2.3x10° 2.2x10%
AIC  -45.7418 -51.5338 -51.5142 -50.652 5 -58.7979 -54.788 8 -52.341 4 -60.064 2 -60.316 3
Halsey R? 0.9955 0.996 8 0.998 8 0.996 0 0.998 1 0.998 7 0.9950 0.997 5 0.998 7
RSS 4.2x10* 2.3x10% 7.5x107 2.6x10* 1.1x10* 6.0x107 2.0x10* 7.9x10° 3.8x10%
AIC  -42.604 2 -46.2207 -53.000 2 -45.600 7 -50.688 6 -54.329 1 -46.999 9 -52.640 0 -57.018 8
Peleg R? 0.990 7 0.999 9 0.999 8 0.999 7 0.988 7 0.999 8 0.996 2 0.994 7 0.989 5
RSS 8.7x10+ 6.6x107 1.2x10° 2.0x107 6.5x10* 1.0x10°° 1.5x10* 1.7x104 3.1x10*
AIC  -34.2938 -77.431 4 -60.127 9 -56.976 3 -36.0527 -61.3843 -44.674 8 -43.998 4 -40.402 4
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Fig. 3 Comparison between experimental value and predicted

value of GAB model of equilibrium moisture content of three Rhei

Radix et Rhizoma decoction pieces
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Table 3 GAB model parameters of three Rhei Radix et Rhizoma decoction pieces
- AR PN PNV
25 °C 35°C 45 °C 25 °C 35°C 45 °C 25°C 35°C 45 °C
m, 0.067 3 0.064 6 0.039 4 0.058 0 0.049 0 0.036 3 0.056 0 0.042 0 0.032 5
C 1912 6 2.0050 26122 2.458 9 2.6659 3.1819 2.7330 4.1610 4.598 2
k 0.888 1 0.874 2 0.9953 0.860 3 0.906 5 0.965 6 0.780 0 0.8350 0.922 6
4 a AN BETR X B A, T s [ — A, &, XK R T
'—a 6 —— RHER M /N o GAB B il 38 3 Fh Ik Fr 7K 43 0 B 4 1
3 N 1 B AR Y . om, Bl 5 IR BE Y T TR AR . AE 25~
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Fig. 4 Correlation analysis of net equivalent heat of adsorption
(a) , differential entropy (b) and equilibrium moisture content of

three Rhei Radix et Rhizoma decoction pieces
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